Ground-based lidar study of aerosol and boundary layer characteristics during INDOEX first field phase by Devara, PCS et al.
Rl:rrintcd fmm Currelll S(';el/('e SPECIAL SECTION: INDIAN OCEAN EXPERIMENT
Ground-basedlidarstudyofaerosoland
boundarylayercharacteristicsduringINDOEX
first fieldphase
P.C.S.Devara*,P.E.Raj,R.S.MaheskumaryK.. DaniandG.Pandithurait
Physical MeteorologyandAerologyDivision, IndianInstituteof Tropical Meteorology.Dr Homi BhabhaRoad, Pune411008. India
tpresentaddress:Universityof Maryland,CollegePark,MD 20742.USA
This paper presentsthe extensiveobservationsof
atmosphericaerosolverticaldistributionsthat have
beencarriedoutduringthefirst fieldphase(FFP) of
the Indian Ocean experiment(INDOEX-FFP 98)
usingthecomputer-controlledArgon-ionlidarsystem
at the Indian Institute of Tropical Meteorology
(IITM), Pune,a tropicalurbanstationin India.These
observationsprimarilywill helpexplainingthe tele-
connectionsbetweentheinlandaerosolcharacteristics,
andthemarineaerosolpropertiesobservedfromthe
ORV SagarKanyacruiseduringthesameperiod.Ver-
ticalprofilesof night-timeaerosolconcentrationup to
about7kIn abovegroundlevelwereobtainedon 25
daysduring the INDOEX-FFP 98 (17 February-31
March 1998).Theseprofileshavealsobeenutilizedto
investigatethe nocturnalstructureandstratification
of the planetaryboundarylayer and associatedair
quality.The aerosolvertical distributionsand the
associatedaerosolcolumnarcontentshowsignificant
day-to-dayvariations,particularlyin the nocturnal
boundarylayer (NBL) and exhibitincreasingtrend
duringthestudyperiod.Thederivedventilationcoef-
ficientsarefoundto associatemorecloselywithwind
speedascomparedtomixingdepth.
THE centraltheme.of the INDOEX programmeis to
assesstheroleof theInter-TropicalConvergenceZone
(ITCZ) in thetransportof aerosolsandtheirresultant
forcingon land-atmosphere-oceancoupledsystem.It is
evidentfromthestudiesin thepastthatmarineaerosol
characteristicsundergodrastic hangesasthecontinental
air advectsoveroceanwaterdependingmainlyon the
strengthof marineair mass,particularlyin the ITCZ
region,andtheirspace-timegradientsplaysignificant
rolesin theaboveassessment1.2.Therefore,observations
of aerosoldistributionsoverthelandin conjunctionwith
thoseovertheoceanicregionsareessentialandgreatly
helpin understandingthenatureandextentof mixingof
continentalpollutedairwiththeeristin;marineair.With
this objective,the Argon-ionlidar at IITM, Pune
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(18°32/N,53°71/E,559m AMSL) hasbeenoperated
duringthe INDOEX-FFP 98, and atmosphericaerosol
verticalprofileswereobtainedon25 days.Besidesthe
altitudestructuresof aerosolconcentration,the NBL
parameterssuchasmixingdepth,stablelayerheightand
ventilationcoefficientshavealsobeenderivedfromthe
aerosolprofiles.In thispaper,theexperimentaldetails,
dataanalysistechniquesandresultsarepresented.
Lidar observationsandanalysis
Thelidarsystemusedin thepresentstudyconsistedof a
tunableArgon-ionlaseras a transmitteranda 250mm
Newtoniantelescopewithcondensing-collimatinglenses,
a narrow-bandinterferencefilter(1nmFWHM) anda
Peltier-cooledPMT as a receiver.The transmitterand
receiverarecoaxiallyseparatedby a distanceof about
60min ordertooperatethesystemin thebistaticmode,
theuniqueconfigurationwhichprovidesangulardistribu-
tionofscatteredintensityforobtainingaerosolsizedistri-
bution.The on-linecontroland digital datasystem
providesreal-timeacquisition,analysisanddisplayof
lidardata.Thelidarexperimentwasconductedaftersun-
seton25daysduringtheINDOEX-FFP 98,i.e.between
17Februaryand31March1998.Thescatteredintensity
profile(coveringthealtitudesbetween50m and6.8km)
obtainedfromeachday'sobservationshasbeenconverted
intoaerosolnumberdensityprofileusingtheinversion
methodetailedelsewhere3.4.Thepibalwindobservations
onthedaysof thelidarexperimentswerecollectedfrom
theIMD, Punewhichis -3km (aerialdistance)away
fromthelidarexperimentalsite.Fromeachprofileof
aerosolnumberdensity,columnaraerosolcontentand
normalizedconcentrationgradientprofileswerecomputed
for studyingtrendsin theshort-termchangesin aerosol
contentandairqualityduringtheperiodofobservations.
Resultsanddiscussion
The possibleaerosoltypepresentoverthestationis a
mixtureof water-soluble,dust-likeandsoot-likeaerosols.
The majorsourceof aerosolsover Puneis soil-dust
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carriedbywinds.Aerosolsin theaccumulationrangeare
formedby gas-to-particleconversionprocessesfromthe
landsurfacewhereascoarseaerosolsareattributedmainly
to wind-blowndust.Sincetheconversionof tracegases
bysolarradiationis themainreasonforthediurnalvari-
ationof aerosolsin theAitkennucleirangewhichbehave
morelikepollutants,theparticulatel velsarelowduring
night-timeascomparedtodaytime.Althoughtheaverage
concentrationf aerosolsovertheexperimentalstationis
high,theyrenderthepHof rainwateralkalineastheyare
potentiallybasicinnatures.
Theobservationalperiodrepresentsfairlythetransition
betweenthewinterandpre-monsoonmeteorologicalon-
ditions.Generally,fairweatherconditionswithclearskies
andverylow relativehumidityexistduringthewinter
monthsovertheexperimentalsite.Low-levelinversions
anddust-hazein themorninghoursoccurduringthis
period.Also,anincursionof drypolarcontinentalirin
thewakeof low-pressuresystems(westerndisturbances)
movesacrossthefar north-westernpartsof thecountry,
andan onsetof highdustcontentwhichleadsto dust
stormsoccursduringthisperiodaswell.
Space-timedistributionofaerosolconcentration
Figure 1 showsthe aerosolnumberdensityprofiles
obtained,almoston everyclearday,with lidarup to
6.8km of the atmosphereduringnight-timefor the
periodfrom17Februaryto 31 March1998.The two
strikingfeaturesthatcanbeseenfromtheseprofilesare:
(i) rapiddecreaseof aerosolnumberdensityupto about
150mandthereafterxponentialdecaywithincreasein
altitude;and (ii) stratified,fine-scalelayerstructures
abovetheNBL. Thefirstfeatureis a regularphenomenon
seeninalmostalltheprofilesof aerosolnumberdensityat
thisexperimentalsitebecauseof theeffectof terrain,
whilethesecondis mainlydueto stratifiedturbulence
resultingfromwindshear6.
The meanaerosolnumberdensityprofile obtained
duringtheperiodof observationsi shownin Figure2.
The deviationsin aerosolconcentrationfromthemean
concentrationat each altitudeof measurementsare
depictedwithhorizontallinesin thefigure.Thedailydis-
tributionsappearwell-reproducedin theaverageprofile,
andtheprofileisquitestableandconsistent.
Day-to-dayvariationin aerosolloading
Figure3displaysthedailyvariationin lidar-derivedaero-
solcolumnarcontentestimatedfor thealtituderegionof
50-1200mfromthecorrespondingaerosolnumberden-
sityprofiles.Thevariationsinaerosolcontentaresignifi-
cantandshowanincreasingtrendwhichmayarisefrom
meteorologicalconditionsprevailingoverthestation.A
polynomialregressionanalysisrevealsan increaseof
about20%in theaerosolloadingatthestationoverthis
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Figure 1. Day-to-dayvariationin verticaldistributionof aerosolnumberdensityduringthe INDOEX-FFP 98.
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shortperiod.This increasein aerosolcontentis reason-
ableandalsoexpectedastheairmassundergoesconsi-
derablechangesfromwintertopre-monsoonmonthsover
theexperimentalstation.
Aerosolstructure,stratificationandpollution
potential
The inhomogeneitiesin aerosolcontent,whichhavea
directbearingon aerometricvariations,canbeusedas
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tracersof thestructuresandstratificationof theatmos-
phericboundarylayer and associatedenvironmental
pollutionpotential.Aerosolswhichareliftedduringday-
timeduetoconvectiveactivitywouldbeslJspendedfor a
considerableamountof timein thelowestlayersof the
atmosphere,andthoseemittednearthesurfacewouldbe
confinedto lowerlevelsduringnight-time.As thecon-
vectiveactivitydecreases,radiativecoolingatthesurface
inducestablestratificationeartheground,sometimes
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Figure 2. Meanprofile of aerosolnumberdensityobservedduring 17 Figure 3. Day-to-dayvariation in aerosol column content. Dashed
February-31March 1998. line indicatestrend.
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Figure 4. Verticaldistributionof NCG correspondingto the profilesshownin Figure 1.
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Figure2. Meanprofileof aerosolnumberdensityobserveduring17 Figure3. Day-to-dayvariationin aerosolcolumncontent.Dashed
February-31March1998. lineindicatestrend.
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Figure 4. Verticaldistributionof NCG correspondingto theprofilesshownin Figure 1.
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Figure 5. Meanprofileof NCG observeduring17 Februnry-3l
March1998.
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Figure 6. Co-variation betweenthe ventilationcoefficientand aver-
agewind speedduringthe INDOEX-FFP 98.
far abovetheNBL, andadvectionbecomesincreasingly
importantindeterminingaerosolconcentrationaloft.
Formationofaerosollayersin theatmospherer sultsin
either heatingor cooling of the combinedearth-
atmospheresyst~mdependingonthefractionof theinci-
dentsolarradiationbackscatteredandabsorbedby the
aerosolayer.Thusaerosolayersaffectthehumanlife
directlyandtheweatherandclimateindirectlyondiffer-
enttimescales.Withaviewtostudyingsuchevents,nor-
malizedconcentrationgradient(NCG)profileshavebeen
derivedfromtheverticaldistributionsof aerosolnumber
densityandareshowninFigure4.ThemeanNCGprofile
obtaineduringtheFFP 98 is shownin Figure5. The
largestnegativegradient(decreasingconcentrationwith
increasingheight)nearestthesurfacein lidarbackscatter
or aerosolnumberdensityis associatedwiththesharpest
declinefromhighto low particulateconcentrationsand
thusmarksthemixingdepthor mixedlayerheight;in
addition,asignificantpositiveNCG denotestheheightof
thestablelayer.Thismethodofderivingdepthsandstable
layerheightsis advantageousasit doesnotrequireabso-
lutecalibrationof thelidarreturns7.Theprofileclearly
showsaveragemixedlayerheightaround375m and
stablelayerheightaround900m.
Havingderivedthemixingdepths,ventilationcoeffi-
cients(productofmixingdepthandmeanwindvelocityin
themixedlayer),whichrepresenttherateat whichair
withinthemixedlayeris transportedandhenceairpollu-
tion potentialovera placehavebeencomputed.The
higherthecoefficients,themoretheatmosphereis ableto
disposeoff thepollutants.The ventilationcoefficients
thuscomputedusingthelidar-derivedmixingdepthfor
eachday'sobservationareplottedinFigure6.Thecorre-
spondingvariationsin averagewindspeedarealsopres-
entin thefiguretoexaminehowandtowhatextenthese
variationsasagainstthemixingdepthareassociatedwith
thoseof theventilationcoefficient.As aresult,theventi-
lationcoefficientvariationsappearmorecloselyassoci-
atedwith wind variationsthanthatof mixingdepth
suggestingtransportof pollutantsis mainlydueto wind
fieldratherthantemperaturefi ld.
Conclusions
Theresultsof thestudyof verticaldistributionsof inland
aerosolcharacteristicsarriedoutwiththeground-based
Argon-ionlidar at Puneduringthe INDOEX-FFP 98
indicate:(i) variationin averageaerosolconcentration
from9000to 74cm-3betweenthealtitudes50m and
6.8km;(ii) largenegativeheightgradientsinaerosolcon-
centrationupto about200m andthereafterexponential
decaywithanincreaseinaltitude;(iii) increasingtrendof
about20%indailyvariationofaerosolcolumnarcontent,
and(iv)averageheightof mixedlayeraround375mand
thatof stablelayeraround900m,withtheaverageventi-
lationcoefficientaround1613m2S-I.Theseground-based
continentalerosolobservationsarebeingsynthesizedto
examinetheirrelationshipwiththeconcurrentmaritime
aerosoldatacollectedfromtheORV SagarKanyacruise.
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